In a meta-analysis of 10 studies, the BACTEC 960/MGIT and BACTEC 460 systems showed a sensitivity and specificity in detecting mycobacteria (1,381 strains from 14,745 clinical specimens) of 81.5 and 99.6% and 85.8 and 99.9%, respectively. Combined with solid media, the sensitivity of the two systems increased to 87.7 and 89.7%, respectively.
Currently, a combination of conventional solid media with a broth-based method is the accepted reference standard for the diagnosis of mycobacterial infection (5, 26) . Among the methods utilizing liquid media, the half-automated radiometric BACTEC 460 TB system (BACTEC 460) is widely accepted as the reference standard. This system, however, is also known for some well-established limitations, which include problems with the use of radioactive material, cumbersome manual loading and unloading, potential hazard of needle stick injury, risk of cross contamination, and lack of computerized data management.
Recently, the BACTEC Mycobacteria Growth Indicator Tube System (BACTEC 960/MGIT), a newly developed nonradiometric, fully automated, continuously monitoring system, was introduced as an alternative to the radiometric BACTEC 460 for growth and detection of mycobacteria. The results of several comparative studies show that BACTEC 960/MGIT is a suitable tool for the detection of Mycobacterium tuberculosis and other mycobacterial species, though rather wide variations in diagnostic performance have been reported (1-3, 6, 10-14, 16-18, 21, 23-25, 27, 28, 30-35) . To provide an evaluation of the quality of the available reports and an overall summary of the diagnostic accuracy of BACTEC 960/MGIT versus that of BACTEC 460, we performed a systematic review and metaanalysis.
Literature search. The literature was searched for the period from January 1990 to June 2003 with the Medline, Embase, and Cochrane libraries. The studies were included for analysis if they compared the results of BACTEC 960/MGIT and BACTEC 460TB with and without solid media, they reported data on false-positive (sample flagged as positive without any microscopic or cultural evidence of acid-fast bacilli by subculture at the end of the incubation period), false-negative (negative test samples found positive on subculture), truepositive, and true-negative results separately; the results of the tests were compared against the reference standard, which was defined as a positive culture with at least one of the three systems used, and the comparison between tests was performed prospectively with the same series of patients from a relevant clinical population, defined as a group of individuals requiring routine microbiologic investigations for suspected pulmonary or extrapulmonary mycobacterial infections.
Statistical analysis. To evaluate if variations between primary studies in test threshold had an influence on the accuracy of diagnostic procedures, we used receiver operator characteristic (ROC) curves (9, 15, 20, 22) .
The common value of noncomparative binary outcomes, as sensitivity and specificity, were obtained by transforming them into the corresponding logit. The related standard errors were calculated, and standard meta-analytical procedures were implemented (29) . Heterogeneity and publication bias were assessed as previously described (8) .
Studies included in the analysis. Of the 498 articles identified in the literature search, 24 were reviewed in detail, and data from 14 of these articles (2, 3, 6, 10, 13, 14, 16, 21, 25, 30, (32) (33) (34) (35) were excluded because they used a standard different from the accepted reference or they did not allow the construction of the 2 ϫ 2 table of results. Table 1 summarizes the principal characteristics of the 10 studies included in the metaanalysis (1, 11, 12, 17, 18, 23, 24, 27, 28, 31) .
Altogether, 1, 381 of 14,745 routine clinical specimens (primarily from the respiratory tract) grew mycobacteria in at least one of the three culture media. The overall isolation rate of acid-fast bacilli was 9.3%, ranging from 4.8% in a study from Germany to 20.5% in a study from Taiwan. The mycobacterial isolates ultimately recovered from these specimens included 810 strains of M. tuberculosis (58.6%) and 571 strains of mycobacteria other than those that cause tuberculosis (nontuberculous mycobacteria).
Comparison of systems. For all three diagnostic methods, the appearance of the summary ROC curve was symmetric, supporting the lack of relationship between the true-and falsepositive rates (Fig. 1) .
The sensitivity of BACTEC 460 in detecting all mycobacteria, M. tuberculosis, all species of nontuberculous mycobacteria, and nontuberculous mycobacteria other than the M. avium complex was higher than that of BACTEC 960/MGIT, but in all cases these differences were not statistically significant (Ta-ble 2). By contrast, BACTEC 960/MGIT showed a higher, though not statistically significant, sensitivity in detecting M. avium complex than BACTEC 460. Compared to the individual systems, the mean overall sensitivity of BACTEC 960/ MGIT and BACTEC 460 combined with solid media was increased by 6 and 4%, respectively.
Six studies reported data on sensitivity according to smear results. Both BACTEC 460 and BACTEC 960/MGIT had a higher sensitivity for smear-positive specimens (0.92 and 0.89, respectively) than for the smear-negative specimens (0.80 and 0.73, respectively). The fixed-effects model was used for analysis of BACTEC 460 and solid medium data, as the homogeneity hypothesis was tenable (P ϭ 0.91 and 0.93, respectively). The random-effects model was more appropriate for the data on the BACTEC 960/MGIT, as the homogeneity hypothesis was rejected (P Ͻ 0.001).
Data for other less commonly encountered nontuberculous mycobacteria showed variable results in term of recovery rates ( Fig. 2) . With M. xenopi, the BACTEC 960/MGIT system was comparable to the BACTEC 460; the latter system, however, exhibited a slightly better performance than the BACTEC 960/MGIT with M. kansasii, M. fortuitum, and M. gordonae. The specificity of the BACTEC 960/MGIT was high (99.6%), though significantly lower than the 99.9% sensitivity of the BACTEC 460 (P ϭ 0.01) and solid media (P ϭ 0.03).
Rates of breakthrough contamination (presumptively positive medium subsequently found positive for bacteria other than acid-fast bacilli) were 12.8% (95% confidence interval, 12.3 to 13.4) with solid media, 8.6% (95% confidence interval, 8.2 to 9.9) with the BACTEC 960/MGIT and 4.4% (95% confidence interval, 4.1 to 4.7) with the BACTEC 460. These differences were statistically significant (P Ͻ 0.001) in each possible comparison.
The time to detection was significantly shorter for the BACTEC 960/MGIT than for BACTEC 460 and solid media for overall mycobacteria as well as for each of the species evaluated ( Table 3 ).
The present analysis was aimed to provide an overall summary of diagnostic accuracy from the multitude of sometimes conflicting results from reports on the comparative diagnostic yield of the BACTEC 960/MGIT and BACTEC 460 systems. Using meta-analysis, we provide data from the available literature, which include a larger number of specimens than can be encompassed by individual studies. However, as the individual reports collected their data independently, heterogeneity and biases may be introduced in assembling patient groups and associating the data.
While in the present analysis, publication bias assessments gave inconsistent results with the different methods used, there was evidence of some degree of heterogeneity. Neither the study design, as supported by subgroup analyses (data not shown), nor the interpretation of the test results or changes in the diagnostic threshold can explain the statistical heterogeneity observed with the BACTEC 960/MGIT. We hypothesize that the heterogeneity may be to some extent attributed to the variable contamination rate observed in individual studies (from 3.8 to 16.6%). Another source of heterogeneity may be attributed to the variety of samples examined. Since blood interferes with the detection of fluorescence, the BACTEC 960/MGIT system is not suitable for the evaluation of blood and bone marrow specimens (4, 7) . Though most of the specimens evaluated in the meta-analysis were from the respiratory tract, different rates of specimens from other sources or body fluids, which may have been contaminated by blood, were included in individual studies. For instance, one of the studies explicitly included a certain number of bone marrow specimens.
In conclusion, the present data provide additional evidence of the value of the BACTEC 960/MGIT system for recovery of mycobacteria from clinical specimens. The radiometric BACTEC 460 system, in combination with solid media, remains the gold standard for diagnosis of acid-fast bacilli. On the other hand, the BACTEC 960/MGIT shows new and interesting features, such as a shorter time to detection of acidfast bacilli and more convenient technology. These favorable features, coupled with an elevated diagnostic accuracy on almost all the clinically most important mycobacterial species, make the BACTEC 960/MGIT system in combination with conventional solid media a valuable alternative to the radiometric system. 
